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.2012.07.Abstract Lubricating greases undergo extensive deterioration under the operation conditions and
storage. Hydrocarbon chain is one of the major factors resulting in loss of the base ﬂuid quality by
formation of products having negative effects on the physicochemical properties in particular the
total acid number and dynamic viscosity. Antioxidants are major ingredients that protect the qual-
ity of lubricating grease by retarding oxidation reactions. Accordingly, the aim of this paper is a
study on the preparation and evaluation of some compounds which act as antioxidants for prepared
lithium lubricating grease. These additives are a-(2-amino-3-cyano-6-pyridyl)o-hydroxyl cinnamic
hydrazide (compound I), ethoxymethyl enamino derivative (compound II) and 3-amino-5-hydro-
xyl-4 phenylazo-1H-pyrazole (compound III).
The structure of these compounds has been conﬁrmed using elemental analysis, nuclear magnetic
resonance and infrared spectroscopy. On the other hand, lithium lubricating grease was prepared
and evaluated according to the National Lubricating Grease Institute (NLGI) and Egyptian Stan-
dard (ES). The antioxidant compounds were tested for the prepared grease with concentration
0.1 wt.%. The efﬁciency of these compounds has been determined using total acid number. It
was found that the prepared lithium grease resists oxidation reaction in the presence of these com-
pounds. A correlation between the chemical structure of these compounds and their efﬁciency as
antioxidants additives was discussed. Data showed that the efﬁciency of these compounds as anti-
oxidants decreases in the order: compound I > compound II > compound III.
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0031. Introduction
Lubricating grease is obtained by dispersion of a thickening
agent, usually soap in a liquid lubricant and may also contain
additives that upgrade some special properties. Typical grease
contains a base oil 75–95%, a thickener 5–20% and additives
0–20% [1]. The thickeners are usually soaps, such as lithium,
sodium and calcium salts of long chain fatty acids [2]. Thehosting by Elsevier B.V. Open access under CC BY-NC-ND license.
Table 1 Physico-chemical properties of base oil.
Characteristics Base oil Test
Density (g/ml) at 15.56 C 0.8919 D. 1298
Refractive index, nD
20 1.4945 D. 1218
ASTM-colour 4.5 D. 1500
Kinematics viscosity, c St.
At 40 C 232.56 D. 445
At 100 C 27.8496 D. 445
Viscosity index 155.72 D. 189
Dynamic viscosity, @ 40 C (rpm 20), cP 477.39 D. 189
Pour point (C) 3 D. 97
Flash point (C) 248 D. 92
Molecular weight 443.07 GPC
TAN, mg KOH/gm @ 72 h 0.14025 D. 664
62 R.M. Fikry et al.thickener forms an entanglement network, which traps the oil
and confers the appropriate rheological and tribological
behaviour to the grease [3]. The most common additives found
in grease are anti-oxidants [4] to prolong the life of grease,
anti-corrosion agents to protect metal against attack from
water or corrosive elements, antiwear agent and extreme pres-
sure to guard against excessive wear due to metal contact.
Grease acts as a reservoir for lubricant-based ﬂuids and addi-
tive molecules [5]. The fatty acid esters constitute a group of
useful chemical intermediates in the synthesis of several prod-
ucts such as amides, sulfonates and fatty alcohols [6]. These
compounds can be applied as solvents, spreading or softening
agents in polymers. They are also used in textile, cosmetic and
rubber industries [7]. Recently, long-chain fatty acid alkyl es-
ters have spurred a great deal of interest, in the synthesis of
biodiesel [8].
The addition of an appropriate additive to a lubricant can
increase the mechanical efﬁciency and reduce wear and fric-
tion, avoiding surface damage of the rubbing surfaces while
increasing the load [9].
A series of N-containing compounds and their derivatives
[10–12] such as benzotriazole derivatives, 1,3,4-thiadiazole
derivatives, thiazole derivatives, oxazoline, thiazoline, and
imidazoline derivatives are excellent ashless multifunctional
lubricating additives. The inhibition of free radical-mediated
oxidation by molecular oxygen is one of the most important
reactions in organic substrates, such as rubbers, plastics,
lubricating oils and greases because these chemical products
undergo oxidative damage when exposed to molecular oxy-
gen. Reducing the rate of such damage by utilizing low con-
centrations of antioxidants is therefore important. Several
hindered phenols and many kinds of aromatic amine deriv-
atives have generally been used to suppress the deterioration
of materials [13–15]. In a previous work [16], Schiff’s base
compounds were synthesized: 3-[(p-chlorophenyl)iminometh-
ylenyl]-4-hydroxy-8-methyl-2(1H)-quinolinone and its bromo
and iodo analogues. These compounds could be used
effectively as antioxidants for lubricating greases. Also, ita-
conyl-o-tolidine, itaconyl bisaniline- and itaconyl m-pheny-
lene-amide polymer proved the efﬁciency towards inhibiting
the deterioration of the mixed soap grease. The aim of this
work is a study on the preparation and evaluation of some
compounds which act as antioxidants for prepared lithium
lubricating grease. These additives are a-(2-amino-3-
cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide (compound
I), ethoxymethyl enamino derivative (compound II) and
3-amino-5-hydroxyl-4-phenylazo-1H-pyrazole (compound
III).2. Experimental
2.1. Raw materials
Heavy base lube oil was supplied by Amerya Petroleum
Company. Fatty acid by-product (acidulated soap stock)
was provided by Cairo Oil & Soap Co. The physicochemical
properties of these materials were carried out using
ASTM and IP standard test methods (Table 1). 12-Hydroxy
stearic acid and hydrogenated castor oil were supplied
from Misr Petroleum Company (Grease factory-Mix unit-
Alex).2.2. Synthesis of additives
2.2.1. Esteriﬁed compound as a grease improver
In a 500 ml three-necked ﬂask connected with a condenser,
1 mol of a mixture of fatty acid by-product (acidulated soap
stock) and 1 mol of Poly ethylene glycol of molecular weight
200 was mixed to give monoester. Xylene was added and the
reaction was catalysed with p-toluenesulphonic acid in an
amount calculated as weight percent of alcohol (2%). The
reaction mixture was reﬂuxed with continuous stirring. The
amount of water produced was collected in the dean stark trap
and measured periodically. The reaction has been completed
when no further water was formed. Heating was stopped and
the reaction mixture was allowed to cool to room temperature
and was neutralized by the addition of 5% aqueous sodium
carbonate solution and then dissolved in petroleum ether
(b.p. 40–60 C). The organic layer was separated and the sol-
vent was distilled off.
2.3. Synthesis of antioxidants
2.3.1. Synthesis of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl
cinnamic hydrazide, compound I
Compound I was synthesized through two steps:
(a) Synthesis of 2-amino-3-cyano-6(3-coumaryl)4-phenyl
pyridine: A mixture of 3-acetyl comarine-2-one (0.01 mol),
malononitrile (0.01 mol), benzaldehyde (0.01 mol) and ammo-
nium acetate (0.015 mol) in acetic acid (25 ml) was reﬂuxed for
3 h, cooled, ﬁltered off, dried and recrystallized from acetic
acid to give 2-amino-3-cyano-6(3-coumaryl)4-phenyl pyridine,
m.p 264 C with 50% yield.
Elemental analysis of 2-amino-3-cyano-6-(3-cumaryl)-4-
phenyl pyridine C21H13N3O2 (Mw 339).
%C %H %N
Calcd. 74.34 3.83 12.39
Found 74.20 3.60 12.20(b) Synthesis of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl
cinnamic hydrazide, compound I: 25 mol from 2-amino-3-cya-
no-6(3-cumaryl)4-phenyl pyridine was mixed with hydrazine
hydrate (1.5 ml) in dry benzene (20 ml) and heated under reﬂux
with stirring for 4 h, cooled, ﬁltered off, dried and recrystal-
lized from methanol to give compound I m.p 205 C with
48% yield.
Some azine and azole derivatives as antioxidant additives for lithium lubricating grease 63Elemental analysis of compound I C21H17N5O2 (Mw. 371).
%C %H %N
Calcd. 67.92 4.58 18.87
Found 67.80 4.50 18.802.3.2. Synthesis of ethoxymethyl enamino derivative compound II
Compound I was reﬂuxed in triethyl ortho formate (30 ml) for
8 h, cooled, poured on to petroleum ether, ﬁltered off, dried
and recrystallized from benzene to give compound II, m.p
225 C with 56% yield.
Elemental analysis of compound II C21H21N5O3 (Mw 391).
%C %H %N
Calcd. 64.45 5.37 17.90
Found 64.00 5.2 17.82.3.3. Synthesis of 3-amino-5-hydroxy-4-phenyl azo-1H-
pyrazole compound III
(i)A solutionof sodiumnitrite (0.69 g, 0.01 mol) in (75 ml)ofwater
at 5 C was added to a solution of aniline (27 ml of Conc.
HCL+ 27 ml of H2O), then cooling the mixture in bath of
crushed ice with stirring until 5 C. (ii) A solution of (11.4 g,
0.01 mol) ethyl cyano acetate (13 g, 0.01 mol) in ethanol (50 ml)
was treated with a saturated sodium acetate (10 g) at 5 C. (iii)
Added (i) to (ii) drop by drop with stirring in a bath of crushed
ice. A solid product was ﬁltered and was recrystallized from ben-
zene to give phenyl azo ethyl cyano acetate. A solution of
(1.7 ml, 0.01 mol) phenyl azo ethyl cyano acetate in ethanol
(30 ml) was reﬂuxed with hydrazine hydrate (1.2 g, 0.01 mol)
for 1 h. A solid product was ﬁltrated andwas recrystallized from
ethyl acetate to give compound III, m.p 275 C with 73% yield.
Elemental analysis of compound III C9H9N5O (Mw 203).
%C %H %N
Calcd. 53.20 4.43 34.48
Found 53.00 4.20 34.40pA
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Figure 1 Gas chromatography of analysis base oil.2.4. Grease preparation
Thepreparationof lubricatinggrease is avery complicatedprocess.
So,many runs and tests were done to reach and adjust the required
consistency. In this respect, two grades from lithium lubricating
grease (NLGI 2) were prepared without and with esteriﬁed com-
pound asG1 andG2, respectively, according to the procedure pre-
viously described [17]. Worth mentioning here is that esteriﬁed
compound was added with concentration 3 wt.% to G2 grease
during a cooling step. On the other hand, the prepared azine and
azole compounds (compounds I, II and III) were evaluated using
0.1 wt.% of each for the formulated grease G2.
3. Result and discussion
3.1. Identiﬁcation and characterization of the raw materials
3.1.1. Fluid lubricants
Lubricating oils constitute the largest proportion of the
total raw material required for the compounding of lithiumlubricating greases. Selection of the proper lubricating oil is
important both from the stand point of lubrication and of
the structure and stability of the ﬁnished product. So, the min-
eral base oil must be selected which best serves the purpose for
which the lubricating grease is prepared. Also, mineral oils will
continue to be the ﬂuids employed in the manufacture of the
great bulk of lubricating greases. This is true because of the
availability and low cost of these mineral oils. The experimen-
tal data in Table 1 show the physicochemical properties of the
heavy base oil under investigation and were carried out using
ASTM/IP standard method analysis. Accordingly, the heavy
base oil can be easily blended, dispersed and is compatible with
lithium soap during the saponiﬁcation step.
The gas chromatography (GC) ﬁngerprints for heavy base
oil are shown in Fig. 1 from the GC ﬁngerprint, the broad
band represents the undissolved compounds mixture, (naphth-
enes, aromatics and resins) and the peak’s contours represent
the parafﬁnic compounds. Accordingly, the ﬁngerprint for
the heavy base oil under investigations is conﬁrmed with the
physicochemical properties presented in Table 1. In order to
get information concerning the molecular structure of heavy
base oil the infrared absorption spectra of it are measured
and studied in region 600–4000 cm1. Fig. 2, shows that the
heavy base oil has low intensity bands in region 3431–
3436 cm1, indicating low concentration of OH and NH
groups. The spectrum also showed strong two bands at 2922
and 2851 cm1, resulting from asymmetric and symmetric
stretching CH, respectively. The spectrum showed bands at
1459 and 1370 cm1 which is due to bending CH2 and CH3.
3.1.2. Fatty materials evaluation and its esteriﬁcation
Inspection of the data of physicochemical properties shown in
Table 2 reveals the possibilities for economic development of
the oil under investigation and its suitability to produce lubri-
cants improver for use in the preparation of lubricating
greases. Chemical compositions of the acidulated soap stock
were investigated using the GC model. Analysis was used to
determine the fatty acid contents. The obtained data (Table 2),
illustrate a wide variation in their fatty acid composition. The
major constituents are oleic and linoleic acids. This indicates
the possibility of using these fatty acids in the preparation of
esteriﬁed compound.
In this respect, esteriﬁcation of fatty acid by-product with
poly ethylene glycol molecular (200) at 150 C yielded polyoxy-
ethylene of fatty acid. This compound is considered to be
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Figure 2 FTIR spectrum of base oil.
Table 2 Physico-chemical properties of fatty acid by product
(acidulated soap stock).
Characteristics Fatty acid Test
Density, g/ml: at 15.56 C 0.9268 D.1298
Refractive index, nD20 1.4853 D.1218
Molecular weight 426.6 GPC
Iodine value 65.4 D-2075
Myrisitic 27.0 Gas chromatography
Palmitic Trace Gas chromatography
Oleic 64.18 Gas chromatography
Linoleic 33.85 Gas chromatography
Linolenic 0.11 Gas chromatography
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64 R.M. Fikry et al.among the nonionic class of surfactants (oil soluble). The
chemical structure of the synthesized compound was con-
ﬁrmed by FTIR. The Infrared spectrum of the ethoxylated
fatty acid in Fig. 3 shows the characteristic bands for alkyl part
at 2858.28, 2925 cm1 for symmetric and asymmetric stretch-
ing CH and symmetric bending CH3 at 1351 cm
1 while for
bending CH2 at 1481 cm
1 the band at 724.26 cm1 for –
(CH2)n– for C‚O ester at 1736.74 cm
1 and OH broad band
at 3407.57 cm1 and C–O–C at 1112.79 cm1.
3.2. Antioxidant additives
The reaction of 3-acetyl comarine with malononitrile and
benzaldehyde in the presence of ammonium acetate and acetic
acid afforded 2-amino-3-cyano-6(3-cumaryl)4-phenyl pyridine
as the following reaction:         2000                1500              1000              500
bers (cm-1)
f esteriﬁed fatty material.
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Figure 4 FTIR spectrum of 2-amino-3-cyano-6(3-cumaryl)4-phenyl pyridine.
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Figure 5 1H NMR spectrum of 2-amino-3-cyano-6(3-cumaryl)4-phenyl pyridine.
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the bases of elemental analysis and spectral data in Figs. 4 and
5. IR spectrum showed bands at 1608 cm1 (C‚N),
1726 cm1 (C‚O cyclic), 2214 cm1 (CN), 3010 cm1 (CH
aromatic), 3360 cm1 (NH2).
1H NMR spectrum (DMSO) of
the compound revealed signals at d 7.74 (s, 2H, NH2), dO
N
O
Ph
CN
NH 2
NH2NH2 .H2O
dry benzene7.41–7.84 (m, 10H, Aromatic and pyridine protons) and at d
8.66 (s, 1H, 4-comarine proton).
The reaction of this intermediate compound with hydrazine
hydrate in dry benzene afforded (2-amino-3-cyano-6-pyridyl)-
o-hydroxyl cinnamic hydrazide compound I.OH
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Figure 6 FTIR spectrum of 2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide compound I.
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Figure 7 1H NMR spectrum of (2-amino-3-cyano-6-pyridyl)-o-hydroxyl cinnamic hydrazide compound I.
66 R.M. Fikry et al.The structure of the product (1) was elucidated as shown in
Figs. 6 and 7 on the bases of elemental analysis and spectral
data. IR spectrum of the product showed peaks at
3344 cm1 (OH) 3212 cm1 (NH–NH2), 2215 cm
1 (CN),
1691 cm1 (C‚O amide), 1636 cm1 (C‚C). 1H NMR spec-
trum of compound (1) in DMSO revealed signals at d 7.74(s, 2H, NH2), d 6.72–7.60 (m, 10H, aromatic and pyridine pro-
tons), d 5.53 (s, 1H, OH) and at d 2.0 (s, 2H, NH–NH2), d 8.0
(s, 1H, NH) and at d 8.61 (s, 1H, cinnamoyl proton).
As a point of interest in the investigation, the condensation of
compound I with triethyl orthoformate in reﬂuxing afforded the
ethoxymethyl enamino derivative compound II.
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Figure 8 FTIR spectrum of ethoxymethyl enamino derivative compound II.
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Figure 9 1H NMR spectrum of ethoxymethyl enamino derivative compound II.
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Some azine and azole derivatives as antioxidant additives for lithium lubricating grease 67The structure of the product (2) was elucidated on the bases
of elemental analysis and spectral data. IR spectrum
of the product showed peaks at 3315 cm1 (OH),
3174 cm1 (NH2), 3038 cm
1 (CH aromatic), 2208 cm1
(CN), 1621 cm1 (C‚N), 1723.3 cm1 (C‚O amide) and
1550.9 cm1 (C‚C). 1H NMR spectrum of compound (2)
in DMSO revealed signals at d 1.10 (t, 3H, CH2CH3), d
3.58 (q, 2H, CH2CH3), d 6.72–7.60 (m, 10H, aromatic and
pyridine protons), d 7.50 (s, 1H, –N‚CH), d 5.35 (s,1H,OH), d 7.74 (s, 2H, NH2) and at d 8.69 (S, 1H, cinnamoyl
protone). As shown in Figs. 8 and 9
Heterocyclic diazonium salts represent an interesting class of
reactive substrate and their synthetic potentialities have received
recent attention. A part of our programme directed to the syn-
thesis of fused pyrazoles of interest as potential antioxidants
for lubricating greases. Reaction of phenylazoetheyl cyano ace-
tate with hydrazine led to the formation of the corresponding 3-
amino-5-hydroxyl-4-phenylazo-1H-pyrazole compound III.
NH2
1)HCL / NANO2
2) CN-CH2 COOET
NH-N=C
CN
COOET
N
N
N
HO
NH2
N-Ph
NH2NH2.H2O
ACOH , heating
compound 
H
III
68 R.M. Fikry et al.The structure of compound III was in agreement with both
elemental analysis and spectral data. The IR (cm1) revealed
peaks at 3408, 3330, 3186 and 1626 cm1 due to NH2, OH,
CH aromatic and C‚N groups respectively. 1H NMR spec-Figure 10 FTIR spectrum of 3-amino-5-hydro
Figure 11 1H NMR spectrum of 3-amino-5-hydtrum of (3) in DMSO, showed signals at d 12.62 (S, 1H, NH
pyrazole), d 7.06–7.45 (m, 5H, aromatic protons), d 7.74 (S,
2H, NH2) and d 11.53 (S, 1H, OH) as shown in Figs. 10
and 11.xyl-4 phenylazo-1H-pyrazole compound III.
roxyl-4 phenylazo-1H-pyrazole compound III.
Table 3 Physico-chemical properties of prepared greases without and with esteriﬁed compound.
Characteristics Greases without and with esteriﬁed compound Test
G1 G2
Penetration@25 C ASTM D-566
Unworked 274 265
Worked 276 268
Dropping point (C) 185 190 ASTM D-664
TAN, mgKOH/g@72 h 4.5 4.45 ASTM D-217
Intensity of (C‚O) group @ 96 h 1.8234 1.7452 ASTM D-942
Intensity of (OH) group @ 96 h 1.6053 1.6001 ASTM D-942
Apparent viscosity, Cp@100 94.40 344.32 ASTM D-189
@110 88.80 294.40
@120 41.60 206.08
Oxidation stability 99@96 h, pressure drop, psi 540 380 ASTM D-942
Figure 12 Effect of mechanical working on dropping point for G2.
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grease
The essential property of lubricating greases must possess the
ability to form a ﬁlm between surfaces so that metal to metal
friction is prevented. This property, as well as different other
characteristics, is mainly determined by the type of thickener,
improvers and the dispersion medium used. Accordingly, to
evaluate the effect of the esteriﬁed compound on the properties
of the lithium lubricating greases, two grades from greases
were prepared as described in the experimental section. First
one without esteriﬁed compound G1 and second one with
esteriﬁed compound G2 as presented in Table 3. It is apparent
from the data in this table, the oil separation, penetration, to-
tal acid number, dropping point and apparent viscosity for G2
with esteriﬁed compound are more efﬁcient than G1. This is
attributed to the ability of the esteriﬁed compound to fortify
the binding force with the soap texture of G2. Also, the polar-
ity of this compound modiﬁes the grease backbone and im-
proves the thermal and mechanical stabilities. This reveals
that the important role of the polyoxyethylene chain of the
esteriﬁed compound leads to the increase in the solubility
power (solvency power) of the base oil with thickener. It was
concluded that the greases had satisfactory performance inmost automotive applications Egyptian Standard code LB
and NLGI 2.
On the other hand, Fig. 12 shows the variation of the drop-
ping points with the mechanical work at different double
strokes from 14,400 to 72,000 strokes as a function of binding
between ingredients and degree of the solvency power of heavy
oil with thickener. It is obvious that the mechanical and ther-
mal stabilities for prepared greases are in the order G2 > G1.
It is apparent from this ﬁgure that the greases G2 based on
esteriﬁed compound is more efﬁcient concerning thermal and
mechanical properties than corresponding greases G1. Such
efﬁciency is particularly desirable for lubricating grease used
in antifriction bearing. For wheel bearing lubrication it is al-
most essential. It may be speculated that the chemical nature
of the esteriﬁed compound as improver, affects all levels of
structure formation in grease, and there is a tendency to in-
crease the thickening power of prepared grease with increase
in the resistance to mechanical deformation.
3.4. Antioxidant properties of azine and azole compounds
The most economic method to achieve the required
oxidation stability for lubricating greases is by the proper
selection and addition of antioxidants. These are divided into
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Figure 13 Effect of deterioration time on TAN for lithium lubricating grease with 0.1% concentration of compounds I, II and III as
antioxidant compared with blank.
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70 R.M. Fikry et al.chain-breaking inhibitors and peroxide decomposers depend-
ing on their mode of action. Chain-breaking inhibitors are
those, which interfere with the chain propagation reactions.
Such materials, azine and azole compounds were prepared as
antioxidants.
It is well known that, the efﬁciency of phenols and amide
derivatives as antioxidants is increased by the presence of an
extended conjugated system to facilitate the delocalization of
electrons throughout the system leading to the increase in
the efﬁciency of antioxidant compounds.
In this respect, three compounds from azine and azole
compounds (compounds I, II and III) were prepared and
evaluated as antioxidants for lubricating grease G2 which
proved to be the best compared with G1 as indicated above.
The effect of addition of 0.1% by weight of compounds I, II
and III on the oxidative deterioration of grease G2 was
investigated at varying times ranging from 0 to 96 h. The
experimental data presented graphically in Figs. 13 and 14,
give an overview on the efﬁciency of the antioxidant addi-
tives in controlling the oxidation reactions compared with
the grease without these antioxidant additives.
This ﬁgure shows that the oxidation inhibition efﬁciency
of the three compounds follows the order: compound
I > compound II > compound III compared with blank
sample. These results of the total acid number are consistentwith the aforementioned ﬁnding of pressure drop, with re-
spect to the oxidation inhibition efﬁciency of the grease
G2. This could be explained by extensive conjugation
through the cinnamic hydrazide derivative (compound I)
shares in the stabilization of the free radical, which is cre-
ated through the oxidation reaction. Also, it may be a rea-
sonable speculation that the introduction of the amino- and
phenolic groups in compounds I and II in such conﬁgura-
tion and orientation, would lead to the stabilization of the
radicals formed compared with compound III. This reﬂects
the role of the substitution and the structural conﬁguration
of the Azine and Azole compounds.4. Conclusion
(1) The introduction of the esteriﬁed compounds in the prepared
lithium lubricating greases enhances the thermal and mechani-
cal stability.
(2) The oxidative deterioration of the prepared grease as measured
by total acid number and oxygen drop, indicates that the pre-
pared azine and azoles derivatives are, in general, effective
antioxidants.
(3) The efﬁciency of the prepared compounds as antioxidants
decreases in the order: compound I > compound II > com-
pound III.
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